1. Introduction
===============

Total knee arthroplasty (TKA) is the gold standard treatment in patients with primary knee osteoarthritis.^\[[@R1]--[@R4]\]^ Cement penetration and the strength of the cement--bone interface in TKA is the one of most important factors in a long-term survey of implantation because the aseptic loosening is a major factor in the need for surgical revision.^\[[@R5]--[@R7]\]^ Revision rates due to loosening are from 2% to 5% according to recent studies.^\[[@R8]\]^

There are many factors that affect the resistance against tensile and shear forces at the bone--implant interface.^\[[@R9],[@R10]\]^ The cement penetration depth determines the strength of the implant against shearing forces. Many studies have shown that a 4 mm penetration of the cement is required for adequate bone--cement interface resistance in TKAs.^\[[@R7],[@R11],[@R12]\]^ Various techniques are employed by surgeons for cementation in knee arthroplasty. Also, studies are based on cementation techniques which determine the biomechanical strength of the bone--cement interface.^\[[@R13]--[@R15]\]^ Furthermore, another important factor is to minimize contamination of the components by fat or blood and provide better penetration than application only to the bone surface.^\[[@R16]\]^ Several studies have been conducted to determine the role of bleeding pressure on the cementing process.^\[[@R17],[@R18]\]^ Juliusson et al^\[[@R19]\]^ obtained that circulating blood diminishes cement penetration into cancellous bone. Additional studies determined that blood contamination decreases viscosity of the cement, causing a reduction of penetration into the trabecular bone.^\[[@R18],[@R20]\]^ During the operation, use of a tourniquet is the most effective method for control of bleeding. Also, using a tourniquet ensures the surgeon does not need to employ bleeding control and has better visibility during the operation. However, a number of studies show that patients who have had tourniquets applied have lower functional scores due to quadriceps weakness after surgery as well as residual pain in the thigh^\[[@R21]--[@R26]\]^ Huang et al^\[[@R27]\]^ demonstrated that using tourniquet full time causes more excessive inflammation and muscle damage. Therefore, in recent years, orthopedic surgeons tend to perform operations without a tourniquet or only use one with a cement application.

We conducted a randomized study to compare cement penetration on x-rays after TKA among 3 different ways to use tourniquets; application during the surgery, application only with implantation prosthesis, and with no tourniquet use. We also compared additional factors such as drainage status after surgery, functional and pain scores and blood transfusion after operation which affect the knee function of patients. We wanted to investigate to see if there is a difference in cement penetration when no tourniquet is used during TKAs.

2. Material and methods
=======================

2.1. Patients
-------------

The local ethical board permission was obtained prior to the study and consent was also obtained from all patients preoperatively. Between 01/01/2015 and 01/03/2016, a total of 78 patients were diagnosed with gonarthrosis who were refractory to conservative treatment and identified as TKA candidates. Among these patients, 5 patients with secondary osteoarthritis, 3 with extreme deformity (foreseeable for extra thick bone resections or wedge usage during the surgery), and 5 patients with known cardiovascular disease were excluded from the study. From group 1 one patient and from group 2 five patients were removed from the study for being lost to follow-up at the 6th week. Remaining 69 knees of 59 patients were eligible for the study, thus they were enrolled in the study. Patients were separated to 3 groups according to the tourniquet usage. In group 1 tourniquet was used throughout the surgery, in group 2 tourniquet was used only during prosthesis implantation and in group 3 tourniquet was not used at all. Each eligible patient was assigned consecutively to one of the aforementioned 3 groups in a quasirandom manner before the surgery. Patients meeting the criteria were randomized according to the order of admission to the hospital. All surgeries were performed by the same senior surgeon using the surgical approach and prosthesis which is discussed further below.

2.2. Surgical procedure
-----------------------

Posterior cruciate retaining Genesis II (Smith & Nephew, Memphis, TN) cemented knee system and OrCem 3 low viscosity polymethylmetacrylate (PMMA) bone cement (European Medical Contract Manufacturing, Nijmegen, Netherlands) was used in all patients. All patients were operated under general anesthesia with propofol and desfluran. After standard mid-line skin incision and medial parapatellar approach, the distal femoral resection was in 6 of the valgus and the external rotation of the femoral cuts was determined with a plane parallel to the femoral posterior condyle by the measured resection technique. The position of the proximal tibial cut was determined using an intramedullary instrument with a 4 grade of posterior slope and 2 mm resection referenced off the medial tibial plateau, and cut surfaces were prepared with proper washing and drying. The cement was prepared in hand-mixing bowl and mixed for 1 minute. When the cement no longer adhered to the glove, we deemed it ready for use. The tibial and femoral components were precoated at the 2-minute interval with the cement, then the component was firmly impacted on the bony surface at the 5-minute interval at full knee extension and all excess cement was removed. No cement was applied directly to bony surfaces to provide standardization. After the placement of prosthesis, drain was placed at negative pressure and skin-subcutaneous closure was performed properly. In group 1, a tourniquet was used during the whole operation; in group 2 we used the tourniquet only at the time of cementing, which was applied 5 minutes before impacting the cemented component; and in group 3 no tourniquet was inflated during the surgery. The same cleaning procedure was administered in all patients. The operation room temperature and humidity were set points 20°C and 55%, respectively, for all procedures.

2.3. Outcome assessment
-----------------------

All patients were treated with intravenous cefazolin Na until drain is removed and applied 4000 IU low molecular weight heparin subcutaneously up to discharge. Outcome evaluations included VAS scores and KSS obtained before and at the 6th week of the surgery and cement penetration measurements obtained from the 6th week x-rays. In addition, we collected blood transfusion and drainage status after surgery (in first 24 hours) for all groups. For radiographic review, the tibial plateau was divided into zones in the anterior--posterior and lateral views, according to the Knee Society Scoring (KSS) System.^\[[@R28]\]^ (Fig. [1](#F1){ref-type="fig"}A and B) The keel of the chosen prosthesis impaired assessment of the cement mantle penetration in some zones. Zones 1 and 4 were assessed in the anterior--posterior radiograph, and zones 1 and 2 were assessed in the lateral radiograph. Therefore, the cement mantle depth was measured in 4 zones of each tibial plateau. To prevent magnification error, the radiographic dimensions of the prosthesis were measured and compared with the real prosthesis dimensions. The radiographic findings were evaluated and independently measured by 1 orthopedic surgeon and checked by 2 other colleagues. The mean depth of cement penetration was calculated for each zone within groups 1, 2, and 3, giving 12 zones for assessment. A mean depth was also calculated for each of the 3 groups.

![(A) Postoperative anterior--posterior views and zones, according to the Knee Society scoring system. Radiograph showing the measurement of the cement mantle thickness with the width measurement tool in the system (x-rays were scaled to 115% as standard). (B) Postoperative lateral views and zones, according to the Knee Society scoring system (x-rays were scaled to 115% as standard).](medi-97-e9668-g001){#F1}

Statistical analysis was performed with SPSS software (ver. 13.0 SPSS Inc., Chicago, IL). Kolmogorov--Smirnov test was utilized to assess distribution of study parameters between groups which did not yield a normal distribution. Intergroup values comparison was done by Mann--Whitney *U* test. A significance value less than 0.05 was considered to be significant.

3. Results
==========

After the removal of patients lost to follow up 69 knees of 59 patients were included in the study. The average age of patients reviewed was 65.05 (range 52--81) years. All of the cases were diagnosed as primary osteoarthritis. The effect of each tourniquet method is comparable when average cement penetration is calculated for each group.

Group 1 consisted of 24 patients who had TKA with use of a tourniquet during the entire operation. Group 2 consisted of 20 patients who had TKA with use of tourniquet only at the time of cementing and group 3 consisted of 25 patients who had TKA with no use tourniquet. Four tibial zones on x-rays were assessed per patient. The mean cement penetration was 2.50 (±0.39) mm for group 1, 2.28 (± 1.09) mm for group 2 and 2.27 (±0.64) mm for group 3. There is no statistically significant difference in early cement penetration among the groups. (group 1 vs 2 *P = .*083, group 1 vs 3 *P = .*091, group 2 vs 3 *P = .*073). The values for each zone in all groups are shown in Table [1](#T1){ref-type="table"}.

###### 

Values of cement penetration depth in all zones for each group.
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Postoperative drainage and blood transfusion status were recorded for each group. The mean drainage was 245 (±24.6) mL in the tourniquet group, 258.76 (±32.4) mL in the no-tourniquet group and 175.88 (±40.3) mL in the tourniquet only during cementation group. There is no significant difference for postoperative drainage among the 3 groups (group 1 vs 2 *P = .*081, group 1 vs 3 *P = .*072, group 2 vs 3 *P = .*054). Blood transfusion was needed for only 5 patients in group 1, 4 patients in group 2 and 4 patients in group 3. There was no need to transfuse more than one unit in any patient.

Outcome evaluation was measured by VAS score and KSS for all patients. In group 1, the mean VAS score was 3.58 (±0.37), 1.55 (±0.47) in group 2, and 1.52 (±0.38) in group 3, respectively. The VAS score was significantly higher (group 1 vs 2 *P = .*022, group 1 vs 3 *P = .*018, group 2 vs 3 *P = .*062) in the tourniquet group. We detected no statistically significant differences in preoperative KSS for all groups (group 1 vs 2 *P = .*093, group 1 vs 3 *P = .*092, group 2 vs 3 *P = .*088). But it was significantly worse in long duration tourniquet use group postoperatively (group 1 vs 2 *P = .*017, group 1 vs 3 *P = .*02, group 2 vs 3 *P = .*082) (Table [2](#T2){ref-type="table"}). Any complication, for example implant failure, infection or vascular injury, was seen pre-and postoperatively for all patients.

###### 

Inpatient outcomes for all groups.
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4. Discussion
=============

Total knee arthroplasty is a successful operation for patients with end-stage arthritis in need of pain relief and improved function.^\[[@R3],[@R5]\]^ How long total knee arthroplasty lasts depends on many factors.^\[[@R29]\]^ It is well known that increased initial fixation strength of the tibial component is an essential factor which influences the continued function of the implant. Therefore, cement penetration during the implantation process is of paramount importance in creating an ideal cement--bone bond and, thus, maximum fixation strength.^\[[@R11],[@R30],[@R31]\]^ Fixation strength in cemented tibial components is reliant on a number of factors.^\[[@R32]\]^ These include the depth of cement penetration and inherent bone strength. Lombardi et al^\[[@R33]\]^ report that the revisions secondary to aseptic loosening are due to inadequate cement penetration. Prior studies investigated the adequate cement penetration depth, and the most well-known, Walker et al^\[[@R11]\]^ suggests that the optimal depth of cement penetration is 3 to 4 mm for maximal cement--bone interface fixation. It is known that 2 to 3 mm of cement penetration is required to reach the first transverse trabeculae.^\[[@R7],[@R34]\]^ Hofmann et al^\[[@R29]\]^ determined a 2.69 mm overall depth of penetration for all zones in 109 patients, and in a study by Schlegel et al^\[[@R31]\]^ penetration depth ranged from 0.67 to 3.46 mm. In our study, the mean cement penetration depth was 2.35 mm, similar to other studies in the literature.

Many methods have been tested to improve cement penetration, as is seen in the literature.^\[[@R35],[@R36]\]^ Banwart et al^\[[@R16]\]^ demonstrated that removing excess fluids and fat before cementing can enhance penetration. Tourniquet usage is another method which has been employed to preserve the cementation field where excessive bleeding can have an adverse effect on penetration.^\[[@R37]\]^ Again, Juliusson et al^\[[@R19]\]^ cemented femoral heads before and after osteotomy and found that the presence of blood circulation decreased the penetration of cement into the trabecular bone by approximately 50%. Breusch et al^\[[@R20]\]^ found improved penetration into the trabecular bone when high-viscosity cement was used as compared with low viscosity cement. Miller et al^\[[@R36]\]^ speculated that blood clots which interpose between the cement and bone might play a significant role in the loss of fixation and may contribute to the eventual clinical loosening of the cemented construct. In contrast, MacDonald et al^\[[@R38]\]^ found greater cement penetration for standard viscosity cement when compared with high viscosity cement. Also, Miller et al^\[[@R36]\]^ found similar penetration of cement into the trabecular bone when comparing standard viscosity cement with low viscosity cement. In light of all this information, it is possible that excessive bleeding, insufficient cementation time or poor pressurization can cause decreased cement penetration and strength depending on the density reduction of the cement. It was in response to these issues that we sought to determine the difference of cement penetration depth between long or short tourniquet usage times and non-usage of a tourniquet. In our study, we found no significant difference in penetration among the 3 groups in early postoperative control. Compared with the literature, there are studies showing that use of tourniquet improves cement penetration ^\[[@R18],[@R25]\]^as well as studies showing that use of tourniquet has no significant effect on cement penetration.^\[[@R39],[@R40]\]^

This result was an important factor for us in deciding to use a tourniquet, because tourniquets are widely used during total knee arthroplasty to provide better visualization and to facilitate the cementing technique.^\[[@R41],[@R42]\]^ Moreover, tourniquet usage may reduce operating time, blood loss, and postoperative drainage, which may decrease the incidence of infection.^\[[@R37],[@R43]\]^ However, tourniquet usage may also carry certain disadvantages including thigh pain, limb swelling, nerve palsy, muscle injury, postoperative stiffness, and deep vein thrombosis.^\[[@R41],[@R43]--[@R47]\]^ Wang et al^\[[@R47]\]^ determined that total blood loss was reduced with long duration tourniquet use, but short duration tourniquet use was associated with lower postoperative blood loss and would lead to faster recovery and less pain during the early rehabilitation after TKA. Also, Liu et al^\[[@R41]\]^ found tourniquet use in TKA results in higher pain scores in the initial postoperative period and a reduction in quadriceps function for the first 6 months. Moreover, tourniquet usage had no effect on the prosthetic cement interface at 12 months postoperatively. Similar to these studies, in our study the VAS score was significantly higher and functional scores significantly worse in long duration tourniquet use when compared to the other groups. Additionally, there is no difference in postoperative drainage and blood transfusion requirements.

This study has limitations. Number of patients is low and the complication rates are not determined comparatively. Longer follow-up and additional functional tests are needed for better evaluation. Also it would be better to add blood loss for the patients during the surgery. We analysed only tibial component\'s cement mantle thickness. Additionally evaluation of femoral mantle thickness and using 3D CT scan may provide more accurate assessment. Finally, the fact that all patients are women can be a disadvantage in assessing outcomes. When researching the literature, there is a need for studies about cement penetration and strength due to tourniquet use with longer follow up so that more valuable data can be collective and assessed on this subject.

5. Conclusion
=============

Total knee arthroplasty is a popular and useful treatment method for advanced osteoarthritis of the knee. It is necessary to avoid cementation failure that causes aseptic loosening in TKA. In the results of our study we determined no difference in cement penetration due to tourniquet use. Therefore, we do not suggest long-duration tourniquet use, which can lead higher pain scores and reduce functional recovery in the early postoperative period after total knee arthroplasty. Usually, our elective choice is cementation without tourniquet in our clinic.
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==============

6.1. Ethics approval and consent to participate
-----------------------------------------------

Ethical board permission was given by Acibadem University (ATADEK2014-672). This study was approved by the authors' institutional review board, and all patients gave informed consent to participate in this study. Detailed information regarding the surgical interventions was provided to all patients. All patients signed an informed consent form that thoroughly explained the operative technique and rehabilitation program that they would undergo.

Abbreviations: AP = anterior-posterior, CT = computerized tomography, KSS = Knee Society Score, TKA = total knee arthroplasty, VAS = visual analog scale, vs = versus.
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